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Shallow	  Cumulus	  Case	  



Dry	  Convec've	  PBL.	  L30.	  
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• 	  The	  non-‐local	  transport	  by	  the	  G.C.M.	  improves	  the	  simula'on	  of	  temperature	  
	  in	  the	  lower	  and	  upper	  PBL.	  

• 	  The	  sum	  of	  buoyancy	  flux	  from	  the	  G.C.M	  and	  CAM5	  PBL	  scheme	  is	  almost	  
	  iden'cal	  to	  the	  buoyancy	  flux	  from	  the	  CAM5	  PBL	  scheme	  alone.	  

PBL	  Top	  



Dry	  Convec've	  PBL.	  L80.	  
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• 	  Due	  to	  the	  enhanced	  stability	  in	  the	  upper	  PBL	  by	  convec've	  non-‐local	  transport,	  	  
	  CAM5	  PBL	  scheme	  underes'mates	  the	  PBL	  top	  height	  :	  mismatch	  between	  
	  the	  PBL	  top	  height	  iden'fied	  from	  the	  CAM5	  PBL	  scheme	  and	  the	  base	  of	  
	  overshoo'ng	  zone	  iden'fied	  from	  the	  G.C.M.	  	  

• 	  It	  is	  necessary	  to	  refine	  the	  ‘merging	  criteria’	  in	  CAM5	  PBL	  scheme,	  which	  will	  be	  done.	  



Stratocumulus-‐Topped	  PBL	  (	  DYCOMS	  ).	  L30.	  
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• 	  The	  G.C.M.	  is	  ac've	  even	  in	  the	  well-‐mixed	  Sc-‐topped	  PBL.	  
• 	  The	  simula'on	  with	  G.C.M	  +	  CAM5	  PBL	  is	  quite	  similar	  to	  the	  one	  with	  CAM5	  PBL	  alone.	  
• 	  The	  generic	  convec've	  downdra]	  in	  G.C.M.	  simulates	  the	  penetra've	  entrainment	  	  

	  at	  the	  PBL	  top.	  

LES	  
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Stratocumulus-‐Topped	  PBL	  (	  DYCOMS	  ).	  L80.	  

• 	  The	  G.C.M.	  is	  insensi've	  to	  ver'cal	  resolu'on.	  	  



Shallow	  Cumulus	  Case	  (	  BOMEX	  ).	  L30.	  

• 	  The	  modified	  UW	  shallow	  convec'on	  scheme	  by	  HFB	  slightly	  degraded	  the	  simula'on.	  
• 	  The	  G.C.M.	  is	  ac've	  both	  above	  and	  below	  the	  cloud	  base,	  i.e.,	  unified	  treatment	  of	  

dry	  and	  moist	  convec'on	  similar	  to	  EDMF.	  
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Shallow	  Cumulus	  Case	  (	  BOMEX	  ).	  L80.	  

• 	  The	  G.C.M.	  very	  well	  reproduces	  the	  LES.	  



GCSS	  Stratocumulus	  to	  Cumulus	  Transi'on	  
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• 	  HR-‐CAM5	  fails	  to	  restore	  stratocumulus	  
	  from	  the	  first	  night.	  

• 	  HR-‐CAM5	  with	  PBL	  scheme	  alone	  well	  
	  simulates	  the	  LES.	  

• 	  HR-‐CAM5	  with	  G.C.M.	  shows	  even	  
	  bener	  performance.	  	  	  
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L160	  

• 	  HR-‐CAM5	  produces	  too	  shallow,	  moist,	  
	  and	  cold	  PBL.	  	  

• 	  HR-‐CAM5	  with	  PBL	  scheme	  alone	  or	  
	  with	  G.C.M.	  	  
shows	  nice	  performance.	  



L160.	  Hr:15-‐20.	  NIGHT	  
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• 	  HR-‐CAM5	  simulates	  BOMEX-‐like	  cumulus	  layer	  instead	  of	  Sc-‐topped	  mixed	  layer.	  
• 	  HR-‐CAM5	  with	  the	  G.C.M.	  well	  reproduces	  the	  LES-‐simulated	  thermodynamic	  	  

ver'cal	  structures	  of	  Sc-‐topped	  PBL.	  
• 	  Zonal	  momentum	  (	  U	  )	  shows	  the	  largest	  discrepancy	  between	  the	  LES	  and	  SCAM5.	  
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L160.	  Hr:15-‐20.	  NIGHT	  

• 	  The	  shallow	  convec'on	  scheme	  in	  HR-‐CAM5	  produces	  BOMEX-‐like	  bonom-‐heavy	  
	  updra]	  mass	  flux,	  while	  the	  G.C.M.	  produces	  to	  top-‐heavy	  mass	  flux.	  	  	  

• 	  The	  G.C.M.	  simulates	  detailed	  dynamics	  of	  both	  convec've	  updra]	  and	  convec've	  
	  downdra]	  (	  i.e.,	  mass	  flux,	  ver'cal	  velocity,	  frac'onal	  area,	  and	  	  
	  the	  radius	  and	  number	  density	  of	  updra]	  plumes	  ).	  
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L160.	  Hr:51-‐56.	  DAY	  

• 	  The	  G.C.M.	  nicely	  simulates	  thermodynamic	  structures	  of	  decoupled	  Sc-‐topped	  PBL,	  
including	  ver'cal	  distribu'on	  of	  clouds.	  



0 0.2 0.4 0.6 0.8 1

800

820

840

860

880

900

920

940

960

980

1000

TKE

[ m2 s 2 ]

[ h
Pa

 ]

 

 
NOCONV
UWShCu:CAM5
SPARKCONV
SPARKCONV + Conv.Updraft
LES

0.2 0.1 0 0.1 0.2

800

820

840

860

880

900

920

940

960

980

1000

Cumulus Fraction

[ fraction ]

[ h
Pa

 ]

 

 
NOCONV
UWShCu:CAM5
SPARKCONV
SPARKCONV:Downdraft

0 0.02 0.04 0.06 0.08 0.1

800

820

840

860

880

900

920

940

960

980

1000

Grid mean LWC by Cumulus

[ g kg 1 ]

[ h
Pa

 ]

 

 
NOCONV
UWShCu:CAM5
SPARKCONV

0.1 0.05 0 0.05 0.1

800

820

840

860

880

900

920

940

960

980

1000

Convective Updraft Mass Flux

[ kg m 2 s 1 ]

[ h
Pa

 ]

 

 
NOCONV
UWShCu:CAM5
SPARKCONV
SPARKCONV:Downdraft

3 2 1 0 1 2 3

800

820

840

860

880

900

920

940

960

980

1000

Vertical Velocity. SPARKCONV

[ m s 1 ]

[ h
Pa

 ]

 

 
Updraft
Downdraft

0 0.1 0.2 0.3 0.4 0.5

800

820

840

860

880

900

920

940

960

980

1000

Updraft Radius & Numbers. SPARKCONV

[ km, # / km2 ]

[ h
Pa

 ]

 

 
Radius
Number

L160.	  Hr:51-‐56.	  DAY	  

• 	  In	  G.C.M.,	  generic	  downdra]	  simulates	  both	  the	  penetra've	  entrainment	  and	  forced	  	  
	  convec'on	  (	  i.e.,	  unified	  treatment	  of	  free	  and	  forced	  convec'on	  without	  
	  separate	  parameteriza'on	  for	  penetra've	  entrainment	  process	  ).	  



Sensi'vity	  to	  Ver'cal	  Resolu'on	  
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L30	  

• 	  In	  the	  opera'onal	  low	  ver'cal	  resolu'on	  (	  L30	  ),	  CAM5	  shallow	  convec'on	  scheme	  	  
	  shows	  reasonable	  performance,	  similar	  to	  G.C.M.	  	  

• 	  The	  G.C.M	  produces	  the	  best	  LWP	  with	  less	  sensi'vity	  to	  ver'cal	  resolu'on	  but	  the	  
	  cloud	  frac'on	  is	  underes'mated	  in	  the	  day	  'me.	  

• 	  Regardless	  of	  convec'on	  scheme,	  LR-‐CAM5	  produces	  too	  moist	  and	  cold	  PBL.	  	  
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L30.	  Hr:15-‐20.	  NIGHT	  

• 	  Regardless	  of	  convec'on	  schemes,	  (1)	  simulated	  stratocumulus	  is	  located	  one	  layer	  
	  below	  the	  right	  posi'on,	  and	  (2)	  PBL	  is	  too	  moist	  and	  cold	  PBL.	  	  

• 	  We	  may	  need	  more	  strongly-‐localized	  radia've	  flux	  divergence	  in	  the	  Sc-‐filled,	  PBL	  top	  
	  layer	  in	  order	  to	  strengthen	  moist	  turbulence	  within	  the	  CAM5	  PBL	  scheme.	  
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Sensi'vity	  to	  Cloud	  Macrophysics	  
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• 	  PDF-‐macrophysics	  produces	  very	  similar	  results	  to	  default	  CAM5	  prognos'cs	  
	  macrophysics,	  but	  with	  (1)	  smaller	  cloud	  frac'on	  during	  day'me	  in	  the	  HR	  
	  simula'on	  and	  (2)	  less	  oscilla'on	  in	  the	  LR	  simula'on.	  	  



SUMMARY	  

•  CAM5	  well	  simulates	  DCBL,	  DYCOMS,	  BOMEX	  both	  in	  LR	  and	  HR,	  and	  
	   	   	  GCSS	  Sc-‐Cu	  transi'on	  case	  at	  opera'onal	  LR.	  
	  However,	  it	  does	  not	  generate	  enough	  stratocumulus	  in	  the	  HR	  simula'on,	  
	   	   	  due	  to	  overac've	  shallow	  convec'on	  scheme.	  

•  The	  newly-‐developed	  General	  Convec'on	  Model	  (	  G.C.M.	  or	  SPARKCONV	  )	  
	   	   	  shows	  promising	  performances	  in	  all	  the	  4	  cases	  above	  with	  less	  
	   	   	  sensi'vity	  to	  ver'cal	  resolu'on.	  	  
	  Further	  tests	  for	  deep	  convec've	  cases	  as	  well	  as	  global	  simula'ons	  are	  being	  
	   	   	  performed.	  

•  Slight	  refinements	  of	  CAM5	  PBL	  scheme	  may	  be	  necessary	  (	  CL-‐merging	  
	   	   	  criteria,	  the	  frac'on	  of	  radia've	  flux	  divergence	  confined	  near	  
	   	   	  the	  top	  interface	  of	  Sc-‐filled	  layer	  )	  in	  order	  to	  further	  deepen	  the	  PBL.	  

•  PDF-‐macrophysics	  shows	  performance	  very	  similar	  to	  the	  CAM5	  prognos'c	  	  
	  macrophysics	  in	  the	  GCSS	  Sc-‐Cu	  transi'on	  case.	  
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